Remarks 

In view of the following remarks, favorable reconsideration of the outstanding office 
action is respectfully requested. 

Submitted herewith is a Combined Declaration and Power of Attorney in compliance 
with37CFR 1.175 and 1.63 and MPEP § 1414. 
Claims 1 - 36 remain in this application. 

Based upon the above remarks and papers of record, Applicant believes the pending 
claims of the above-captioned application are in allowable form and patentable over the prior 
art of record. Applicant respectfully requests reconsideration of the pending claims 1 - 36 
and a prompt Notice of Allowance thereon. 

Applicant believes that no extension of time is necessary to make this Response 
timely. Should Applicant be in error, Applicant respectfully requests that the Office grant 
such time extension pursuant to 37 C.F.R. § 1.136(a) as necessary to make this Reply timely, 
and hereby authorizes the Office to charge any necessary fee or surcharge with respect to said 
time extension to the deposit account of the undersigned firm of attorneys, Deposit Account 
03-3325. 

Please direct any questions or comments to Robert L. Carlson at 607-974-3502. 
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U.S. Patent and Trademark Office 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 



Applicants, Ming-Jun Li, Daiping Ma, and David K. Smith, declare that: 

We have reviewed and understand the contents of the specification and claims 



as amended in the Reissue Patent Application filed on February 27, 2002, including original 
claims 1-8 and new claims 9-36. 



We believe ourselves to be the original, first, inventors of the subject matter 



described and claimed in the original Letters Patent No. 6,031,956, entitled HIGH 
PERFORMANCE SINGLE MODE WAVEGUIDE, issued February 29, 2000, based on U.S. 
Patent Application Serial No. 09/173,097, filed October 14, 1998, and in the attached 
specification, for which invention we solicit a reissue patent. As to the claimed subject 
matter of this application, we do not know and do not believe that this subject matter was 
ever known or used in the United States prior to our invention or discovery thereof 

We hereby claim priority benefits under Title 35, United States Code, § 1 19 of 
any application(s) for patent or inventor's certificate or any PCT international application(s) 
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designating at least one country other than the United States listed below and have also 
identified below any application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of 
America filed by us on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 



PRIOR APPLK 


.ATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 1 19: 


COUNTRY 
(IF PCT, 
indicate 
"PCT") 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 USC 119 


United States 


60/065,845 


17 November 1997 


[X] YES [ ] NO 


United States 

1 


60/075,012 




17 February 1998 


[X] YES [ ] NO 



We have the following citizenships, residences, and post office addresses: 





FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN 
NAME 


MIDDLE INITIAL 






Li 


Ming-Jun 






RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR 

FOREIGN 

COUNTRY 


COUNTRY OF 
CITIZENSHIP 


2 
0 




Horseheads 


New York 


Canada 


1 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE & ZIP 
CODE/CTRY 






10 Ambrose Drive 


Horseheads 


New York 
14845/USA 




FULL NAME 
OF INVENTOR 


FAMILY NAME 
Ma 


FIRST GIVEN 
NAME 

Daiping 


MIDDLE INITIAL 


2 
0 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR 

FOREIGN 

COUNTRY 


COUNTRY OF 
CITIZENSHIP 


2 




Wilmington 


North Carolina 


United States 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 
368 Friendly Lane 


CITY 

Wilmington 


STATE & ZIP 
CODE/CTRY 
North Carolina 
28409/USA 
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FULL NAME 
OF INVENTOR 


FAMILY NAME 


FIRST GIVEN 
NAME 


MIDDLE INITIAL 






Smith 


David 


Kinney | 


2 
0 


RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR 

FOREIGN 

COUNTRY 


COUNTRY OF 
CITIZENSHIP 


3 




Wilmington 


North Carolina 


United States 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 


CITY 


STATE & ZIP , 
CODE/CTRY 






905 Wild Dunes Circle 


Wilmington 


North Carolina 
28411/USA 



We verily believe that issued U.S. Patent No. 6,031,956 is partly inoperative 
by reason of its failing to claim priority under 35 U.S.C. § 1 19(e) to U.S. Provisional Patent 
Application Serial No. 60/075,012, filed February 17, 1998. 

We acknowledge our duty under 37 CFR § 1.56 to disclose information of 
which we are aware which is material to the examination of this application. 

All errors being corrected in this reissue application up to the time of filing 
this declaration arose without deceptive intention on our part. 

We appoint the practitioners associated with Customer Number 22928 (i.e., 
the practitioners associated with the Intellectual Property Department, Corning Incorporated), 
Michael L. Goldman, Registration No. 30,727, and Georgia Evans, Registration No. 44,597 
as the attorneys/agents to prosecute this application and to transact all business in the United 
States Patent and Trademark Office connected therewith. Send all correspondence to: 



Michael L. Goldman 
Nixon Peabody LLP 
P.O. Box 31051 
Clinton Square 
Rochester, New York 14603 
(585) 263-1304 



The undersigned declare further that all statements made herein of their own 
knowledge are true and that all statements made on information and belief are believed to be 
true; and further that the statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
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Section 1001 of Title 18 of the United States Code; and that such willful false statements 
jeopardize the validity of the application or any patent issuing thereon. 
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[54] HIGH PERFORMANCE SINGLE MODE 
WAVEGUIDE 



[57] ABSTRACT 

Disclosed is a single mode optical waveguide fiber having a 
segmented core design. Id particular, the core comprises 
three segments, each having characteristic dimensions and 
refractive index profile. By proper choice of index profile in 
each segment a waveguide fiber is made which has a mode 
field diamftfT of about 9.5. low, positive total dispersion 
over the operating window 1530 nm to 1565 nm as well as 
effective area greater man 60 urn 2 . 
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HIGH PERFORMANCE SINGLE MODE 

refractive index. The refractive index of silica based optical 

This application is based upon the provisional applies- J^X^TH 1 ^°^^. M '^^«pMt tothe 
tion No. 60/065.845. filed Nov. 17. 1997. feKj ]S fidi ^ index may be written- as. 

and provisional application Ser. No. 60/075.012, ffledfeb. 17. 1998 b^-h^/A^ 
which we riaim as the priority date s of application. 

~ where Dq is the linear refractive index, n-, is the non-linear 

BACKGROUND OF THE INVENTION mlkx coefficicnt p & ligJit power transmitted along the 

waveguide and A^ is the effective area of the waveguide 
The invention rclRtss to a single mode optical waveguide 1Q fiber. Because iu is a constant of the materiaL increase in 

fiber having a segmented core design which provides far is essentially the only means far r educing the non-linear 

high performance in the operating window around 1550 nnx contribution to the refractive index, thereby reducing the 

In particular, effective area is large, the zero dispersion impact of Keg type non-linearities 

wavelength is outside the operating window, and total dis- Thus there is a need fox an optical waveguide fiber 

persion is positive over the operating window. ^ designed to have a large effective area. The window of 

A waveguide having large effective area reduces non- operation of greatest interest at this Hnw is mat near 1550 

linear optical effects, including self phase modulation, four nm * *° addition, to further minimis four wave mixing 

wave mixing, cross phase modulation, and non-linear scat- effects, the total dispersion does not pass through zero over 

tering processes, which can cause degradation of signals in thc ^ge of operating wavelengths. In tact the total dis- 

high power systems. In general a mathematical description 20 P^ 00 remains positive over the operating window so that 

. of these non-linear effects includes the ratio. P/A^ where P se ^ phase modulation may cancel with the linear dispersion, 

is optical power. For example, a non-linear optical effect * configuration required in soiiton communication systems. 
, usually follows an equation containing a term, exp [Ptf-^ 

A^J. where is effective length. Thus, an increase in A^ Definitions 

produces a djrease in ^the non-linear contribution to the ^ The following definitions are in accord with common 

degradation of a light signal. usage in me art 

The requirement in the telecommunication industry for The radii of the segments of the core are defined in terms of 

greater information capacity over long distances, without the index of refraction. A particular region has a first and 

regenerators, has led to a reevaluation of single mode fiber ■ a last refractive index point The radius 60m the 

index profile design. 30 waveguide centedine to the location of this first refractive 

The focus of this reevaluation has been to provide optical * Ddex P 0 * 0 * me inner radius of the core region or 

waveguides which: segment Likewise, the radius from the waveguide cen- 

reduce non-linear effects such as those noted above; taSh * to location of the last refractrve m to point is 

are optimized for the lower attenuation operating wave- « u^^lf^"^^^ 806 ^^ _ A . 

length range around 1550 mm 35 ^^»«l^DB«c«iB^hta«4ea4lcf 

B e the index profile segments discussed here arc conveniently 

are compatible with optical amplifiers; and. defined as follows, where the reference is to a chart of A% 

retain the desirable properties of optical waveguides such vs waveguide radius: 

as high strength, fatigue resistance, and bend resis- radius of the central core segment is measured from me 

40 axial centcriine of the waveguide to the intersection of 
A waveguide fiber, having at least two distinct refractive the extrapolated central index profile with the x axis- 
index segments was found to have sufficient flexibility to ^ A , . . J . 

nnrfrrr^H th* rrit^. f«r ■ hi ah ~r*«rZLZ 18(1408 rf stcond annular segment is measured from 

m ?w 2* ^ ^ performance the axial centcriine of the waveguide to the center of the 

waveguide fiber system. ^The genera £ core baseline of the second annulusl 

designs are disclosed in detail in VS. Pat No. 4.715.679, 45 . _ . ^ «u«uu», 

Bbagavatula, Species of the profiles disclosed in the '679 J!!™ sccond annular region is me distance 

patent having properties especially suited fed- particular high Z^** paraUd Ubss £rQm me maximum 

performance tdecommnnicatioas systems, are disclosed in refractive index points of the index profile to the x axis; 

US. Pat No. 5.4S3.61Z Gallagher et aL(the *612 patent). . 

The present invention is yet another core index profile 50 radius of the first annular segment is measured from the 
species, closely related to the profiles set forth in the '612 axia | centcriine of the waveguide to the first half 

patent which reduces non-linear effects and which is par- maximum point of the second annular segment 

ocularly suited to transmission of high power signals over ne cffectivc a* 5 * ** 
long distances without regeneration. The definition of high _ 
power and Jong distance is meaningful only in the context of 55 Kf&VF r tUft^E* r di>u 

a particular telecommunication system wherein a bit rate, a where the integration limits arc 0 to 00. and £ is the electric 

bit error rate, a multiplexing scheme, and perhaps optical field associated with the propagated light An effective 

amplifiers are specified. There are additional factors, known diameter , 

to those skilled in the art which have impact upon the & may be defined as, 

meaning of high power and long distance. However, for GO 

most purposes, high power is an optical power greater than Kf**DJ&. 

about 10 mw. For example, a long distance is one in which _ 

the distance between electronic regenerators can be in Thc rdativc ">dex, Afc. is defined by the equation, 
excess of 100 km. 2 . , 

C nsioering the Kerr nonequities. Leu self phase 65 ~ n * y2 * i ' 

modulation, cross phase modulation and four wave mixing. - where n t is the maximum refractive index of the in dex 
the benefit of large A^ can be shown from the equation for profile segment L and n 2 is the refractive index in the 



- 3 - 

reference region which is usually taken to he the minimum large effective area- 
index of the clad layer. , m , ... ' ' 

For the particular segmented profile described in this large mode field diameter, 
applicati n. me first segment and the second annular see- a ^ dlspcr ^ on wavek ng* "tside the range of oper- 
ment A% will refer to the rnaximum relative index of the 5 aung wavelengths; and. 
segments. The A% of the first annular segment will refer to acceptable bend performance, 

the minimum relative index of that segment A ***** as P cct °f mc invention is a single mode optical 

The term refractive index profile or simply index profile is wa veguide fiber having a core region and a clad layer- Hie 
the relation between A% or refractive index and radius cart Tt & on comprises three segments: 
over a selected portion of the core. The term alpha profile 10 a circular central segment centered on the waveguide long 
refers to a refractive index profile which follows the axis; 

e fl uation * a firsfannular segment surrounding the central segment; 

and. 

rtf^floP-AirfaD a second annular segment surrounding the first annular 

where r is core radius. A is defined above, a is the last point 15 segment 

in me profiler is chosen to be zero at the first point of the Eac ^ segment has a radius, drawn from the waveguide 
profile, and ais an exponent which defines the profile shape. centeriine. as defined above, a A%. and a refractive index 
Other index profiles include a step index, a trapezoidal index P rofiic - Th* second annular segment is also conveniently 
and a rounded step index, in which the rounding is due to Ascribed in terms of a segment width. In this application 
dopant diffusion in regions erf rapid refractive index change. 20 A% *? always referenced to the minimum clad index n*. 
The profile volume is defined as 2? r / 2 (A% r dr). The inner This 6x51 aspect further has an a profile in over the circular 
profile volume extends from the waveguide centeriine. central segment in which a in the range of about 0.7 to 2.0. 
r=0, to the crossover radius. Hie outer profile volume ^ azmular segment is substantially flat meaning that 
extends from the cross over radius to the last point of the f* outcr cxtrerne of me segment the refractive 

core. The units of the profile volume are % urn 2 because 25 1X127 turD "P °* down. Also the first annular segment 
relative index is diinensionless. 11127 have a low positive or negative slope without these 

Hie crossover radius is found from the dependence of power deviations from flatness causing unacceptable change in the 
distribution in the signal as signal wavelength changes. wa veguide properties. 

Over the inner volume, signal power decreases as wave- The relative index of the central segment Aq% is greater 
length increases. Over the outer volume, signal power 30 me rdatrvc ^dex of the first or second annular 

increases as wavelength increases. segments, A x % and.A 2 %, respectively, and b 2 %>A i %. 

Total dispersion is defined as the algebraic sum of The profile h further defined by the inner and outer profile 
waveguide dispersioh and material dispersion. Total dis- volume and the ratio of outer to inner volume. Thus, inner 
persion is sometimes called chromatic dispersion in the volume is in the range 22% to 3.26% urn 2 , the outer profile 
art The units of total dispersion are ps/iim-fan. 35 volume is in the range 3.70 to 13.75% urn 2 . and the ratio of 

The bend resistance of a waveguide fiber is expressed as outer 10 volume is in the range 1.5 to 43. 
induced attenuation under prescribed test conditions. A a P^fem* 1 embodiment which Aq% is in the range 

bend test referenced herein is the pin array bend test 1b01 * 10 L35 *- is in the range (1(3% to 021%. and 
which is used to cornpare relative resistance of waveguide is in the range 0.12% to 0.61% %. The A©% is the 

fiber to bending. To perform this test attenuation loss is 40 modcied value of the a profile before centeriine diffusion of 
measured for a waveguide fiber with essentially no mc do P anL Diffusion will reduce this relative index value, 
induced bending loss. The waveguide fiber is then woven Far cxam P le - m case of a triangular profile, one in which 
about the pin array and attenuation again measured. The mc Vaiuc °^ is re du ced by an amount in the range 

loss induced by bending is the difference between the two °* ^* 10 w hen diffusion is taken into account For 
measured attenuations, the pin array is a set of ten 45 ^^^^ all of the Ao% values set form in this speci-- 
cyimdrical pins arranged in a single row and held in a ficat j on and in the claims are the relative index values prior 
. fixed vertical position on a flat surface. The pmspacingis 10 diffus ion. The respective radii ranges of the first two 
5 mm. center to center. The pin diameter is 0.67 mm. segments beginning at the central segment are i© in me range 
During testing, sufficient tension is applied to make the 2.06 urn to 2.80 urn. r, in the range 4.55 urn to 8.94 urn. and 
waveguide fiber conform to a portion of the pin surface, 50 &c width of the second annular segment is w 2 in the range 
Another bend test referenced herein the lateral load test 0,01 to . 2 * 0 . ^ . 
In this test a prescribed length of waveguide fiber is placed A refracti ve index indentation or indent may be present on 
between two flat plates. A #70 wire mesh is attached to one mc waveguide centeriine. The indent is at least partially due 
of the plates, A known length of waveguide fiber is sand- t0 dif ^ sion do P ant species during process steps 

wiched between the plates and a reference attenuation is 55 ^ Uowk 8 deposition of the dopant glass and the base glass, 
established by pressing the plates together with a force of 30 . 00X55 ^ takcn to reduce or remove this 

newtons. A 70 newton force is then applied to the plates and lfldenL However, profile modeling and manufacture of 
the mduced attenuation in dB/m is measured. developmental waveguides have shown that an indent on 

center may exist without effecting waveguide performance, 
SUMMARY OF THE INVENTION «> In particular, the central profile may have a refractive index 

a unique sc rfretJuiranentI ^X^^tel^St^SS 

cy provioing: to 0.7% and the radius of the base of the inverted cone shape 

low total dispersion over a preselected wavelength oper- 65 is d greater than about 0.7 pm. 

atingrange; The waveguide made in' accordance with this first aspect 

low attenuation at 1550 nm; has the advantageous properties, total dispersion overthe 



wavelength range 1530 nm to 1565 nm positive and no 
greater man fS5 ps/nm-tan. effective area not less man 60 
urn 2 , and mode field diameter in the range of 9 pro to 10 urn. 

These properties are realized while maintaining cutoff 
wavelength, measured n waveguide fiber which has been 5 
placed in cable farm, less than 1470 nm. attenuation at 1550 
nm less than 022 dB/km. the induced loss under pin array 
bend testing less than 16 dB. and induced loss under lateral 
load bend testing less than 0.8 dB/m. 

In a second aspect of the invention, the core segment io 
profiles are limited as shown in Table 1 below to provide a 
set of operating parameters somewhat different from those 
of the first aspect of the invention. The additional [imitations 
and the resulting change in waveguide parameters are put in 
place to satisfy an in use requirement provide for ease of 15 
manufacture, for example, by making the waveguide less 
sensitive to manufacturing variances, or to reduce manufac- 
turing cost 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chart of refractive index profile. Le_ a chart of 
A% vs. waveguide radius for an idealized profile in accord 
with the invention. 

FIG. 2 shows a measurement of A% vs. waveguide r adiu s 
on a typical waveguide made in accord with the invention. 

DETAILS OF THE INVENTION 

The use of high performance optical waveguide fiber in 
the operating window near 1550 nm has greatly increased 
system capacity while keeping system cost reasonably low. 
The operating window in the range of about 1530 nm to 
1565 nm is of particular interest because this wavelength 
range is characterized by low waveguide attenuation and is 
coincident with the bandwidth window of erbium doped 
waveguide fiber amplifiers. 

What has been accomplished in the invention described 
herein* is the identification of a set of segmented core 
profiles which meet the requirements of a particular high 
performance telecommunications system. Further, the 
requirement set is met without increasing attenuation, while 
maintaining residual internal waveguide stress relatively 
low. and while maintaining acceptable bend performance. 

The three core segments are indicated as 2. 6. and 8 in 
FIG. L In each segment the shape of the index profile may 
take a general shape depending upon radial position. Also 
the radial extent of each segment may be ^hftngfd 

As illustration of the definitions given above, the radius of 
central core region 2 is shown as length 4. In this application 
the central core radius is measured from the axial centerline 
to the intersection of the extrapolated central profile with the 
x axis. 

The first annular segment 6 is delimited by the radius 4 
and the radius 7. which extends to vertical line 5 drawn from 
the half index point of the second annular region. The first 
annular segment has a radius given by radius 7. The char- 
acteristic radius of the second annular segment 8 is radius 
12. which extends from the core center to the midpoint of the 
base of segment 8. as indicated by point 3. This convention 
for second annul us radius is used in all modeled cases. A 
convenient profile measure for symmetrical profiles is the 
width 10 shown between vertical lines 5. Lines 5 depend 
from the half-maximum % delta index points. This conven- 
tion for second annul us width is used in all modeled cases. 

The cross over radius is shown as length 14 in FIG. 1. The 
profile volume, in units of % delta-microns*, inside the cross 
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over radius is the inner profile volume. The profile volume 
utside die cross over radius is the titer profile volume. The 
uter to inner volume rati is a measure of me relative power 
distribution at a given wavelength and thus is a measure of 
the effect of a particular index profile change. 

An actual profile made in accord with the invcnti n is 
shown in FIG. 2. Here the central segment comprises an 
indent portion 16 and an a profile portion 18. The a for the 
central segment refractive index profile 18 is essentially L 
The narrowness of this central segment is believed to be 
essential in achieving the required waveguide parameters, 
especially the increased effective area as compared to other 
dispersion shifted waveguide designs. Note that the relative 
index of the first annular segment 20 is greater than about 0.1 
in this e x a mpl e. It is believed that a Lfl> greater than or 
equal to 0.1 improves attenuation by reducing draw induced 
defects by reducing glass viscosity mismatch between the 
central segment and first annular segment during the draw- 
ing process. In addition, it is likely that this higher relative 
index improves bend resistance, 

The position, peat value and shape of second annular 
segment 22. provides for . confinement of the propagated 
light signal and thus maintains acceptable bend performance 
of the novel waveguide. The remarkable properties of the 
novel waveguide are given by the modeled results in Table 
1. 

TABLE 1 
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35 



Waveguide Parameter 






1530 xsd Tot. Dispose. 


>1 


>0j08 


(ps ■ nm-km) 






1565 nm Tot Dispers. 


<ss 


<&5 


(p* • nxD-fan) 






Mode Field Diameter ysn. 


9-10 


9-10 


Cutoff (cabled) an 


<1360 


<1470 


Pin Amy Bead dB 


<16 


<36 


Lateral Load Bead dB/m 




<C8 


AtL 9 1550 nm (dB/km) 


<C22 


<tJ22 



40 Table 2 shows the refractive index structure *b»y provides 
the waveguide characteristics of Table. 1. 



TABLE 2 
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so 



Profile Parameter 






A„ % (maximum) 


1.11-135 


. 1D1-L35 




0.03-0.14 


0.03-021 




0J2-OJ0 


0.12-O61 


ib Mm 


2j06-145 


ZD6-Z80 


h MB 


4.55-6.29 


455-&94 


w, fun 


Q.7-L0 


041-10 


Inner V>hxme % \nn* 






Outer tbhtmc % par 2 


3.70-&12 


3.70-13.75 


RaooOuter/Iniier 


1-5-19 


L5-43 
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Note that in cases in which higher cutoff wavelength can 
be tolerated as well as a larger range of dispersion, one may 
use the wider ranges of embodiment 2. In some uses, the 
superior properties of embodiment 1 with respect to disper- 
sion may be required. The tables serve to show the sensi- 
60 trvity of the waveguide properties to the profile structure. 
It will be understood by those skilled in the art that 
alternative profile shapes, including step index and trapezoi- 
dal index may be used in the three segments in numerous 
combinations to provide the parameters set forth in Table L 
Although particular embodiments of the invent! n have 
herein been disclosed and described the invention is none- 
theless limited nry by the following claims. 
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We claim- 

1. A single mode optical waveguide fiber comprising: 
a core glass region comprising a first circular central 
segment having a relative index Ao% and a radius r& 
a first annular segment surrounding and in contact with 5 
the central segment having a relative index A A % and a 
radius r jB and a second annular segment surrounding 
and in contact with the first annular segment having a 
relative index a radius r^ and a width w^ the 
respective segments' each having a refractive index 10 
profile; 

a dad glass layer having a refractive index profile and a 
minimum refractive index n^ wherein ^ is me refer- 
ence index for me relative index of each core segment; 



in which the index profile of the central segment is an a 15 
profile having a in the range of about 0.7 to 2 the index 
profile of the first annular segment is substantially flat 
the index profile of the second annular se gment is a 
rounded step, and A 0 %>A 2 %>A 1 %. 

the values of the respective A's and radii being chosen so 20 
that the inner profile volume is in the range 228 to 
326% um 2 . the outer profile volume is in the range 
3.70 to 13.75% um 2 and the ratio of outer to inner 
volume is in the range 13 to 43. ^ 

2. The single mode waveguide of claim 1 in which Ao% 
is in the range 1.01% to 135%. A x % is in the range 0.03% 
to 021%. and A 2 % is in me range 0.12% to 0.61%. 

3. The single mode waveguide of claim 2 in which r 0 is 
in the range 2.06 um to 2.80 um r, is to me range 435 um 30 
to 8.94 um. and w 2 is in the range 0.01 um to 20 um. 

4. The single mode waveguide of claim 1 in which the 
circular central segment has a refractive index indent at the 
center of the circular segment the index indent having the 
approximate shape of an inverted cone, the indent having a 35 
minimum relative index in the range of about (15% to 0l7% 
and the radius of the base of the inverted cone shape is no 
greater man about 0.7 um. 

5. The single mode waveguide of claim 1 in which the 
total dispersion over the wavelength range 1530 am to 1565 40 
nm is positive and no greater than 6S ps/nm-fan. the 
effective area is not less man 60 um 2 . and mode field 
d i a me ter is in the range of 9 um to 10 um 



6. The single mode waveguide of claim 5 in which the cut 
off wavelength measured n waveguide fiber which has been 
placed in cable form is less than 1470 nm. the attenuation at 
1550 nm is less than 0.22 dB/fcm. the induced loss under pin 
array bend testing is less than 16 dB and me induced loss 
under lateral load bend testing is less than 0.8 dB/m. 

7. A single mode optical waveguide fiber comprising: 
a core glass region comprising a first circular central 

segment having a relative index Ao% and a radius r^ 
a first annular segment surrounding and in contact with 
the central segment having a relative index A x % and a 
radius r 2 , and a 'second annular segment surrounding 
and in contact with the first annular segment having a 
relative index A 2 %. a radius r^ and a width w^ the 
respective segments each having a refractive index 
profile; 

a dad glass layer having a refractive index profile and a 
miiumum refractive index n*. wherein n* is the refer, 
ence index for the relative index of each core segment; 
in which the index profile of the central segment is an a 
profile having a about equal to 1. the index profile of 
the first annular segment is substantially flat the index 
profile of the second annular segment is a rounded step 
and A 0 %>A 2 %>A 1 %, and. 

Ao% is in the range 1.11% to 135%. Aj% is in the range 
0.03% to 0.14%. and An% is in the range 0.12% to 
030%. and. * 

r 0 is in the range 206 um to 245 um, r L is in the range 
435 um to 6.29 um. and w 2 is in the range 0.7 um to 
20 um. and 

the inner profile volume is in the range 2^8 to 3.00% um 2 . 
the^outer profile volume is in the range 3.70 to g.12% 
um . and the ratio of outer to inner volume is in the 
range 13 to 29. 
8. The single mode waveguide of claim 7 in which the 
circular central segment has a refractive index indent at the 
center of the circular segment the index indent having the 
approximate shape of an inverted cone, the indent having a 
mmimum relative index in the range of about 03% to 0.7% 
and the radius of the base of the inverted cone shape is no 
greater than about 0.7 um. 



9. A single mode optical waveguide 
fiber comprising a co re region having a 
central segment havin g index of refraction 
An, a first annular segment having index of 
refraction A u and a s econd annu lar segment 
having index of refraction A% wherein A^ is 
greater than either A i or A? , the refractive 
index profile of the fiber tailored to result in 
said fiber exhibiting the following 
properties: 

a zero dispersion wavelength outside 
the wavelength region 1 530-1565 nm; 

an effective area of at least 60 um 2 : 
a cable cutoff wavelength less than 
about 1470 nm; and 

a mode field diameter in the range of 
9 um to 10 fim. 

1 0. Th e single mode fiber of claim Q 1 
wherein said fiber exhibits positive 
dispersion over the wavelength region 1530- 
1565 nm. 

11. Th e single mode fiber of claim Q 1 
wherein s aid central segment comprises an 
a_ profile segment in which a is in the 

range of 0.7 to 2.0. ~~ 

12. The single mode fiber of claim 1 0 , 
wherein s aid central segment comprises an 

profile se gment i n which a is in the 
range of 0.7 to 2.0. — 

1 3. Th e single mode waveguide fiber of 
claim 9, fu rther comprising an attenuation at 
1 550 um w hich is less than 0.22 dB/km. 

1 4. Th e single mode waveguide fiber of 
claim 1 0. f urther comprising an attenuation 
at 1550 um which is less than 0.22 dB/km. 

15. Th e single mode waveguide fiber of 
claim 1 1 . f urther comprising an attenuation 
at 1550 um which is less than 0.22 dB/km. 



1 6. Th e single mode waveguide fiber of 
claim 9, c omprising; an induced loss under 
pin array bend testing of less than 16 dB. 
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1 7. The singl e mode waveguide fiber of 
claim 10. comprising an induced loss under 
pin array bend testing of less than 16 dB. 

1 8. The single mode waveguide fiber of 
claim 1 1. comprising an induced loss under 
pin array b end testing of less than 16 dB. 

19. The sing l e mode waveguide fiber of 
claim 13. comprising an induced loss under 
pin array b end testing of less than 16 dB. 

20. T he single mode waveguide fiber of 
claim 1 5. comprising an induced loss under 
lateral load testing of less than 0.8 dB/m. 

2 1 . The single mode waveguide fiber of 
claim 9. comprising a dispersion at 1530 nm 
which is greater than 1 ps/nm-km 

22. The single mode waveguide fiber of 
claim 11. comprising a dispersion at 1 530 
nm which is greater than 1 p s/nm-km 

23. T he single mode waveguide fiber of 
claim 13. comprising a dispersion at 1 530 
nm which is greater than 1 p s/nm-km 

24. Th e single mode waveguide fiber of 
claim 15. comprising a dispersion at 1 530 
nm which is greater than 1 ps/nm-km 

25. T he single mode waveguide fiber of 
claim 20. c omprising a dispersion at 1 530 
nm which is greater than 1 ps/nm-lrm 

26. The single mode waveguide fiber of 
claim 9. w herein said fiber comprises a 
dispersion over the wavelength region 1 530 
nm to 1565 nm whir. h is positive and no 
greater than 6.5 p s/nm-km. 

27. Th e single mode waveguide fiber of 
claim 11, wherein said fiber comp rises a 
dispersion over the wavelength region 1530 
nm to 1565 nm which is positive and no 
greater than 6.5 ps/nm-km. 



28. The single mode waveguide fiber of 
claim 13. wherein said fiber comp rises a 
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dispersion over the wavelength region 1530 
nm to 1565 nm which is positive and do 
greater than 6.5 ps/nm-km. 

29. The single mode waveguide fiber of 
claim 15, wherein said fiber comprises a 
dispersion over the wavelength region 1530 
nm to 1565 nm which is positive and no 
greater than 6.5 p s/nm4rm. 

30. The single mode waveguide fiber of 
claim 19, wherein said fiber comprises a 
dispersion over the wavelength region 1530 
nm to 1 565 nm which is positive and no 
greater than 6.5 ps/nm-km. 

3 1 . The single mode waveguide fiber of 
claim 25, wherein said fiber comprises a 
dispersion over the wavelength region 1530 
nm to 1 565 nm which is positive and no 
greater than 6.5 ps/nm-km. 

32. The single mode waveguide fiber of 
claim 9, wherein said fiber exhibits a cable 
cutoff wavelength less than about 1360 nm. 

33. The single mode waveguide fiber of 
claim 1 1 , wherein said fiber exhibits a cable 
cutoff wavelength less than about 1360 nm. 

34. The single mode waveguide fiber of 
claim 15, wherein said fiber exhibits a cable 
cutoff wavelength less than about 1 360 nm. 

35. The single mode waveguide fiber of 
claim 19. wherein said fiber exhibits a cable 
cutoff wavelength less than about 1 360 nm. 

36. The single mode waveguide fiber of 
claim 31. wherein said fiber exhibits a cable 
cutoff wavelength less than about 1 360 nm. 
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